Foliar epidermal characters of ten species of Senna Mill. found in Bangladesh are investigated. Anisocytic, anomocytic, paracytic, tetracytic and haxacytic stomata are found across the species. Anisocytic and paracytic stomata are common in all species. In addition to anisocytic and paracytic types, anomocytic stomata are found in Senna sophera and hexacytic stomata are observed in S. auriculata. Anticlinal wall is straight in S. alata, S. hirsuta, S. occidentalis, S. siamea and S. tora, curved in S. auriculata, S. sophera and S. siamea, and undulate in S. hirsuta and S. occidentalis. Glandular trichomes are observed in S. hirsuta and S. occidentalis, while non-gladular trichomes are predominant in the remaining species.
Introduction
Senna Mill. is a large, widespread genus and exhibits a high diversity of habits including herbs, shrubs, treelets, tall trees and lianas. The genus comprises 350 species and about 80% of its species occur in the American continent, while most of the remaining members are found in tropical Africa, Madagascar and Australia, and only a few species occur in South-eastern Asia and Pacific Island (Irwin and Barneby, 1982; Marazzi et al., 2006) . Species of Senna were formerly included in Cassia L. s.l. (Irwin and Turner, 1960) . Subsequent taxonomic treatments subdivided the Cassia s.l. into three distinct genera, viz., Cassia s. str., Chamaecrista Moench and Senna Mill. Barneby, 1981, 1982) . Senna Mill. are characterized by presence of extrafloral nectaries, ebracteolate pedicels, straight or simply incurved filaments, flattened or cylindrical, irregularly dehiscent pods and areolate seeds, while in Cassia L., no extrafloral nectaries present, pedicels 2-bracteolate, filaments sigmoidally curved towards the base, pod indehiscent, and there is no areole on seed surface. Chamaecrista Moench is distinct by ciliolate anther-thecae along the suture, elastically dehiscent pod, smooth or pitted seed coat and absence of aerole on seed surface (Irwin and Barneby, 1982) . The separation of Senna Mill. from Cassia L. was further established by taxonomic (Singh, 2001) , phenetic (Boonkerd et al., 2005) and molecular studies (Acharya et al., 2011) . In Bangladesh, Senna Mill. is represented by 11 species (Rahman et al., 2013) .
Taxonomic relevance of vegetative anatomy in delimitation of taxa and establishment of itergeneric or interspecific relationships is well reported (Tomblinson, 1961; Stace, 1965; Kotresha and Seetharam, 2000; Tschan and Denk, 2012) . Foliar anatomical features play an important role in distinguishing different groups of plants. Leaf is considered as the most varied organ anatomically in angiosperms which provides a variety of anatomical features that can be employed as useful taxonomic characters (Metcalfe and Chalk, 1950; Metcalfe, 1968; Stace, 1984) . Foliar anatomical characters such as stomata and trichomes have been found instrumental in solving taxonomic problems. The taxonomic and phylogenetic significance of stomata and trichomes have long been recognized by various workers (Dilcher, 1974; Naik and Nirgude, 1981; Stace, 1984; Devi et al., 2013) . *Corresponding author. Email: prof.oliurrahman@gmail.com Despite several studies based on foliar micromorphology have been made in defferent genera, viz., Polygonum (Lersten and Curtis, 1992) , Eugenia (Fontenelle et al., 1994) , Bauhinia (Kotresha and Seetharam, 1995) , Hibiscus (Shaheen et al., 2009) , Fagopyrum (Yasmin et al., 2010) and Cynoglossum (Akçin et al., 2012) , the genus Senna Mill. received very little attention in this regard (Ogundipe et al., 2009) . Therefore the present study was undertaken in order to explore the features of stomata and trichome in the genus Senna Mill. occurring in Bangladesh and to evaluate these characters for species delimitation and interspecific relationship.
Materials and Methods
Ten species of Senna Mill. used in this study are Senna alata
The localities of these species along with the voucher numbers are appended in Table 1 . Plant materials collected from different parts of the country as well as herbarium specimens deposited in Dhaka University Salar Khan Herbarium (DUSH) and Bangladesh National Herbarium (DACB) were studied.
Leaf samples were cut into small square pieces and soaked in a petridish containing KOH solution for 7-8 days. Then they were washed with tap water followed by treatment with hydrogen peroxide for 3-4 days till clearing of leaves. After that they were treated with 50% alcohol for 2 hours and then with safranin for 16-18 hours. The leaf tissues were treated again with 70% alcohol for 2 hours. Finally, the samples were treated with a mixture of alcohol and xylol in a 3:1 ratio and mounted in 70% glycerin. The samples were prepared in clean, dry and oil free slides and observed under compound microscope. Photomicrograph of each species was taken using Nikon Eclipse 200 camera in addition to the line drawing of stomata. 
Results and Discussion
The genus Senna offers different types of stomata and trichomes. The shape of epidermal cells, nature of anticlinal walls, types of stomata and number of stomata per microscopic field are presented in Table 2 . The epidermal cells are irregular or polygonal in outline. Polygonal cells are observed in S. obtusifolia, S. siamea and S. tora, while irregular types of cells are evident in S. sophera. The remaining species bear both irregular and polygonal cells ( Table 2 ). The anticlinal walls are straight, undulate and curved across the genus. Straight anclinal walls are found in S. obtusifolia, S. siamea and S. tora; anticlinal walls are curved in S. auriculata, S. sophera and S. surattensis, and they are undulate, curved and straight in S. hirsuta and S. occidentalis. Stomata are mostly paracytic and anisocytic, however, tetracytic, anomocytic and hexacytic stomata have also been documented. Paracytic and anisocytic stomata are observed in all species, while anomocytic stomata are found only in S. sophera, and hexacytic stomata only in S. auriculata along with other types. Paired anisocytic and paired tetracytic stomata are present only in S. auriculata. Paired paracytic stomata are observed in S. sophera and S. hirsuta (Table 2 ; Figs 1&2). Amphistomatic stomata have been observed in all species employed, while hypostomatic stomata is found only in S. siamea. 
auriculata, C) S. hirsuta, D) S. obtusifolia, E) S. occidentalis, F) S. siamea, G) S. sophera, H) S. surattensis, I) S. tora, J) S. timoriensis.
The study reveals that both glandular and non-glandular trichomes are found in Senna. The trichomes observed in Senna vary in structure, form and distribution. Glandular multicellular trichomes are evident only in the abaxial surface of S. hirsuta and S. occidentalis. The number of cells varies from 5 to 7. However, no glandular unicellular trichomes are found in any species employed in the present study (Table 3) . Non-glandular trichomes are evident in all species except S. occidentalis. Non-glandular multicellular trichomes are distinct in S. hirsuta, S. obtusifolia and S. tora, whereas, non-glandular unicellular trichomes are observed in eight species. In S. alata, S. hirsuta and S. siamea unicellular trichomes are sparsely noticed. Non-glandular unicellular trichomes may be conical or papilose. Very rarely uncinate trichomes are found only in S. alata. Non-glandular multicellular trichomes are consisted of 2-8 cells, which also vary greatly in size, shape and number of cells.Verrucose type of trichome wall are documented in S. tora, S. obtusifolia, S. siamea, S. surattensis and smooth walled trichomes are seen in S. hirsuta, S. auriculata, S. timoriensis (Fig. 3) . The longest type of multicellular trichomes are present with up to 8 cells, comprising two or more basal cells ended by a much elongated apical cell in S. hirsuta. The pedastal cells might vary from 4 to 7. Multicellular verrucose trichome present in S. tora and S. obtusifolia. The cells of the stalk are almost equal in length. Smooth walled non-glandular multicellular trichomes are present in S. hirsuta, consisting of 2-6 cells and the cells may be equal or unequal in size. The upper cells always larger than the basal ones and become narrower towards the apex. S. occidentalis and S. hirsuta can easily be distinguished from the other species of Senna by presence of glandular multicellular trichomes. 
+++ (2-6 celled) The taxonomic value of leaf epidermal characters have been received much attention in the recent past, even the taxonomic monographs are now considered incomplete without micromorphology of the epidermis (Rejdali, 1991) . In this context, however, little is known in the genus Senna. Recently Ogundipe et al. (2009) and Shaheed and Illoh (2010) studied foliar micromorphology of six species of Senna from Nigeria. The present study bridges the gaps in our knowledge of the some additional species of the genus Senna after Ogundipe et al. (2009) and Shaheed and Illoh (2010) . The present study reveals that the foliar epidermal characters are important in taxonomic identification and species relationships in the members of the Senna examined. In our study S. obtusifolia and S. tora have been found closely related as evidenced by their epidermal cells which are polygonal in shape, and anticlinal walls are straight both in S. obtusifolia and S. tora. Moreover, paracytic and anisocytic stomata are common in these two species indicating a close relationships among them. In a morphometric study of the genus Senna Rahman et al. (2013) showed that S. obtusifolia and S. tora are very closely related as attested by the following shared characters: leaflets obovate, stipules linear, falcate, inflorescence short-racemose, axillary, ovary ribbed, style glabrous, stigma truncate and pod linear or subtetragonous, which has been found consitent with our study. Morphologically S. alata and S. auriculata are closely allied, however, the epidermal features do not support a close association between them. S. auriculata is characterized by presence of hexacytic stomata, while S. sophera is distinct by presence of anomocytic stomata. Saheed and Illoh (2010) observed that in S. alata, the adaxial epidermal cells are polygonal or irregular, while the abaxial cells are irregular in shape, and this species exhibited non-glandular trichomes. Our study presenting similar types of epidermal cells and non-glandular trichomes in S. alata support the work of Saheed and Illoh (2010) . S. obtusifolia is characterized by presence of polygonal epidermal cells, straight anticlinal walls, and paracytic and anisocytic stomata, however, no anomocytic stomata were found in this species as documented by Saheed and Illoh (2010) .
The study also unveils a close relationship between S. hirsuta and S. occidentalis as they share the following common characteristics: both polygonal and irregular epidermal cells, straight and undulate anticlinal walls in the adaxial surface, straight and curved walls in the abaxial surface, paracytic stomata in the adaxial surface, and both paracytic and anisocytic stomata in the abaxial surface (Table 2 ). S. hirsuta and S. occidentalis can also be differentiated from the remaining species by presence of multicellular glandular trichomes as observed in the abaxial surface (Table  3) . While studying on the Nigerian Senna species Ogundipe et al. (2009) showed that S. hirsuta and S. occidentalis are closely allied as they bear paracytic and anisocytic types of stomata, and the epidermal cells are polygonal and irregular in both species. Results obtained from the present study have been found congruent with that of Ogundipe et al. (2009) . The close affinity between S. hirsuta and S. occidentalis is also evidenced by cytological investigation where the somatic chromosome number 2n=28 was reported for these species (Bir and Kumari, 1980) .
